The mechanisms underlying the increased susceptibility of the elderly to respiratory infections are not well understood. The crosstalk between the dendritic cells (DCs) and epithelial cells is essential in maintaining tolerance as well as in generating immunity in the respiratory mucosa. DCs from aged subjects display an enhanced basal level of activation, which can affect the function of epithelial cells. Our results suggest that this is indeed the scenario as exposure of primary bronchial epithelial cells (PBECs) to supernatants from unstimulated DCs of aged subjects resulted in activation of PBECs. The expression of CCL20, CCL26, CXCL10, mucin, and CD54 was significantly increased in the PBECs exposed to aged DC supernatants, but not to young DC supernatants. Furthermore, aged DC supernatants also enhanced the permeability of the PBEC barrier. We also found that DCs from aged subjects spontaneously secreted increased levels of pro-inflammatory mediators, interleukin-6, tumor necrosis factor (TNF)-a, and metalloproteinase A disintegrin family of metalloproteinase 10, which can affect the functions of PBECs. Finally, we demonstrated that TNF-a, present in the supernatant of DCs from aged subjects, was the primary pro-inflammatory mediator that affected PBEC functions. Thus, age-associated alterations in DC-epithelial interactions contribute to chronic airway inflammation in the elderly, increasing their susceptibility to respiratory diseases.
INTRODUCTION
The incidence of respiratory diseases including asthma and chronic obstructive pulmonary disease increases significantly with advancing age. [1] [2] [3] [4] [5] [6] This, coupled with increase susceptibility to respiratory infections, is the major cause of morbidity and mortality in the elderly. Respiratory diseases in the aged population are also often severe and frequently require hospitalization. 7, 8 Therefore, there is an urgent need to identify the underlying mechanisms.
Within the lung, airway epithelial cells (AECs) and dendritic cells (DCs) are co-localized in close proximity, and are the first group of cells to encounter inhaled pathogens, allergens, and environmental pollutants. [9] [10] [11] AECs and DCs interact with each other through the release of cytokines and other soluble mediators and through direct cell-cell contact. These interactions are considered to have an important role in responding to infections in the lung. For example, Hammad et al. 10 demonstrated that the migration of lung DC to the mediastinal nodes in response to lipopolysaccharide inhalation was largely dependent on Toll like receptor 4 (TLR4) signaling on epithelial cells. Furthermore, activation of AECs by viruses or bacteria induces the production of pro-inflammatory cytokines and type I and III interferons (IFNs), which activate DCs. 9 In addition to responding to infections, another major role of DC-AEC crosstalk is to maintain immune homeostasis or tolerance at the mucosal surfaces. 10 Thus, alteration in the functions of both these cells can result in the loss of tolerance and chronic inflammation of the airways.
Advancing age significantly impacts DC functions. 12 These include their capacity to phagocytose antigens, 13 migration to lymph nodes, 13 response to pathogens, 14, 15 and impaired secretion of certain key cytokines such as IFN-a and IFN-l. [14] [15] [16] Furthermore, DCs from the elderly display increased basal level of activation as evidenced by increased activation of nuclear factor kB, 17 which has a major role in the secretion of proinflammatory mediators by DCs. Increased basal level nuclear factor kB activation in aged DCs may result in an enhanced secretion of various molecules under steady state, in the absence of infection. We hypothesize that, because of the close proximity of DCs to AECs, continuous exposure of AECs to these secreted molecules may affect their function and increase the risk of respiratory diseases in the elderly. Most studies have focused on the modulation of DC functions by AECs and less is understood about the effect of DCs on AEC functions.
The objective of the present study was to investigate whether the increased basal level activation of aged DCs results in release of soluble mediators that affect the function of bronchial epithelial cells with a view to understand their role in ageassociated increased susceptibility to respiratory diseases.
RESULTS

Aged DC supernatant activates primary bronchial epithelial cells (PBECs)
The exposure of PBECs to pro-inflammatory cytokines and other factors during an infection leads to the upregulation of certain molecules that aid in clearance of infection. 18 It also results in increased permeability to allow infiltration of other cells to the site of infection. As aged DCs display increased basal level of activation, they may secrete proinflammatory mediators without any stimulation, which may activate PBECs. To investigate this, PBECs were cultured with supernatants from unstimulated aged and young DCs and examined for the expression of surface activation markers. Incubation of PBECs with supernatants from unstimulated aged DCs resulted in a significant (Po0.05) upregulation of the adhesion and co-stimulatory molecule, CD54 (ICAM-1) over control untreated PBECs, whereas supernatants from young DCs had no effect ( Figure 1a) . The results of flow cytometry were further confirmed by realtime PCR (Figure 1b) .
As the activation of PBECs also enhances their permeability, we determined the expression of the tight junction protein, E-cadherin, in PBECs following exposure to supernatants from unstimulated aged vs. young DCs. Incubation of PBECs with supernatants from aged DCs resulted in a significant downregulation (Po0.05) of E-cadherin over control PBECs, whereas supernatants from young DCs had no significant effect (P40.05, Figure 1c ). The downregulation of tight junction protein is indicative of increased permeability of PBECs. Quantitative PCR (Q-PCR) was also performed for E-cadherin (CDH-1) and two other tight junction proteins, Claudin (CLD-1) and Occludin (OCLD-1). There was no change in the gene expression of these proteins (Figure 1d) . This is consistent with recent published reports that downregulation of the tight junction proteins may not be accompanied by changes at the gene level. 19 Activation of PBECs can result in upregulation of major histocompatibility complex-I. Exposure of PBECs to supernatants from unstimulated DCs from aged and young subjects did not upregulate major histocompatibility complex-I (HLA-A, -B, and -C; Figure 1e ). Mucin secretion is also associated with epithelial cell activation and inflammation. Mucin-1 (MUC1) is induced during airway inflammation and has an important role for the resolution of inflammation during respiratory tract infections. 20 Therefore, the level of expression of MUC-1 was compared in PBECs following exposure to unstimulated DCs supernatants from aged vs. young subjects. The expression MUC-1 was significantly enhanced (Po0.05) in PBECs exposed to supernatants from aged DCs as compared with those exposed to supernatants from young DCs.
It has been suggested that the expression of TLRs on PBECs, particularly TLR-2, may be upregulated in certain infections. 21 However, we observed no significant difference (P40.05) in TLR2 expression on PBECs exposed to supernatants from unstimulated DCs from aged and young.
Altogether, these data suggest that unstimulated aged DCs secrete certain factors that can modulate the functions of PBECs.
Supernatants from aged DCs induce chemokine secretion in PBECs
Activation of PBECs also results in secretion of various chemokines to signal and attract other immune cells to help fight infections. Therefore, we investigated the effect of supernatants from unstimulated DCs from aged and young subjects on the expression of chemokines by PBECs, as determined by Q-PCR. Figure 2a-d shows that the supernatants from aged DCs induced significant (Po0.05) upregulation of CCL20, CCL26, and CXCL10 chemokines as compared with supernatants from young DCs. No significant difference (P40.05) was observed in CXCL8 expression. Each of these chemokines have an important role in recruitment of inflammatory cells into the airways; CCL20 (MIP-3a) attracts monocytes and DCs, and is upregulated in various respiratory diseases.
22 CCL26 or Eotaxin-3 attracts eosinophils, 23 and CXCL10 (IP-10) enhances the infiltration of T cells and may be mast cells. 24 These data suggest that supernatants from aged DCs directly induce the secretion of chemokines from PBECs, which might be responsible for the recruitment of proinflammatory cells into airways of the elderly under steady state.
Permeability of PBECs is increased after culture with aged DC supernatant Our data from Figure 1 suggested that the expression of tight junction protein, E-cadherin, was decreased in PBECs incubated with supernatants from aged DCs. E-cadherin has an important role in maintaining the integrity of the epithelial cell layer and decreased expression of this protein is reported to enhance the permeability of the epithelial cell barrier. 25 Therefore, we used trans-epithelial electrical resistance (TEER) assay and determined whether exposure of PBECs to supernatants from aged DCs affected the permeability of PBECs. Data in Figure 3a demonstrate that the exposure of PBECs to supernatants from aged DCs resulted in significantly decreased (Po0.05) TEER values by day 7 after culture. In contrast, exposure of PBECs to supernatants from young DCs had no significant effect. These data suggest that aged DCs spontaneously secrete certain factors that might enhance the permeability of the epithelial cell barrier and allow the infiltration of pro-inflammatory cells in the airways.
To further verify the above results, the passage of dextranfluorescein isothiocyanate (FITC) via the PBEC monolayer was also determined. As shown in Figure 3b , significantly increased (Po0.05) fluorescence was observed in cells incubated with aged DC supernatants as compared with young DC supernatants confirming that supernatants from aged DCs enhanced the permeability of the epithelial cells, by a yet-to-be determined mediator. 
Supernatants from aged DCs express enhanced levels of pro-inflammatory mediators and metalloproteinases
To determine possible mediators in supernatants from unstimulated DCs, which might influence PBECs, we analyzed various pro-inflammatory mediators, including cytokines, chemokines, and metalloproteinases. Many (interleukin (IL)-1b, IL-12p70, IL-10, IL-23, IFN-a) were below the detection limit of our assay. Therefore, only those we could detect are displayed in Figure 4a -f. The levels of tumor necrosis factor (TNF)-a, IL-6, and CXCL10 were significantly greater (Po0.05) in unstimulated supernatants from aged DCs as compared with supernatants from young DCs; the levels of IL12p40, CXCL8, and CCL2 were comparable between aged and young groups. TNF-a is known to enhance the permeability of the epithelial cell barrier, 26 whereas IL-6 is not reported to have a significant effect on the permeability of PBECs by itself but can exert its effect in conjunction with TNF-a. 27 In addition to cytokines and chemokines, DCs also secrete metalloproteinases, which are known to act on tight junction proteins and enhance the permeability of epithelial cells. Gene array analysis of aged vs. young DCs (unpublished results from our laboratory) suggested that the expression of A disintegrin family of metalloproteinases (ADAM) family members (ADAM10, 12, 19 ) is increased at the basal level in aged DCs as compared with young DCs. Reports from literature suggest that ADAM family members are involved in the pathology of several inflammatory diseases. 28 Therefore, we further confirmed the results by PCR in aged and young DCs. Figure 4g shows that the expression of ADAM10 was significantly higher (Po0.05) in aged DCs compared with young DCs. ADAM 12 and ADAM19 also displayed an increased expression, although not to the same extent as ADAM10.
As the PBECs were exposed to supernatants from DCs and to further verify our Q-PCR data, we performed ELISA assay for ADAM10 and ADAM12 in supernatants from aged and young DCs. ADAM10 levels were significantly greater (Po0.05) in supernatants from aged DCs as compared with those from young DCs (Figure 4h) , thus confirming our Q-PCR data. ADAM12 levels were below the detection limits of the assay.
The elderly population enrolled in the study is a stable population, living independently ( Table 1) . Osteoarthritis was the most common complaint in the aged population. No significant differences (P40.5) were found in the secretion of TNF-a, IL-6, CXCL-10, and ADAM10 between elderly subjects based on gender, osteoarthritis, hypertension, vitamins, and supplements or dyslipidemia.
Altogether, these data demonstrate that aged DCs secrete spontaneously increased amounts of IL-6, TNF-a, and ADAMs, which can affect the functions of epithelial cells and enhances the susceptibility of elderly to respiratory infections.
Addition of TNF-a to supernatants from young DCs was sufficient to mimic the effect of aged DC supernatants on PBECs Next, we investigated whether addition of TNF-a, IL-6, CXCL-10, or ADAM10 mediators to supernatants from young DCs will replicate the activation effects of aged DCs supernatants on epithelial cells. PBECs were incubated with supernatants from young DCs to which one of these mediators were added. As shown in Figure 5a and b, Q-PCR results revealed that addition of TNF-a to young DC supernatants had an effect on PBECs, with almost identical results to aged DC supernatants. The expression of CCL20, CCL26, CXCL10, MUC-1, CD54 was significantly upregulated (Po0.05) in PBECs exposed to young DCs after addition of TNF-a relative to young DC supernatants without TNF-a. No significant effect was observed on the expression of CXCL8, and adhesion molecules, E-cadherin, Occludin, and Claudin (Figure 5c ). Similar to aged DC supernatants, TNF-a-containing young DC supernatants also reduced the expression of E-cadherin (Figure 5d ) as determined by flow cytometry. Addition of a mixture of IL-6, CXCL10, and ADAM10 to TNF-a-containing young DC supernatants resulted in almost similar activity as young supernatants containing TNF-a alone. This: (i) indicates that addition of TNF-a inflammatory mediator to young DC supernatants was sufficient to mimic the effect of aged DC supernatants on PBECs; and (ii) suggest that TNF-a in aged supernatants is likely the major inflammatory mediator responsible for the effect on PBEC functions. In support of this result, young DC supernatants containing IL-6, CXCL10, or ADAM10 displayed no significant activity over young DC supernatants without them (Supplementary Figure 1 online) .
Altogether, the above results suggest that DCs from aged subjects may contribute to chronic airway inflammation by activating PBECs through a TNF-a-mediated mechanism.
DISCUSSION
The objective of the present study was to investigate the mechanisms underlying the apparent increase in severity of chronic airway inflammation in the elderly that leads to . Histograms represent the expression of (d) E-Cadherin; (e) CD54 as determined by flow cytometry in PBECs exposed to the young DC supernatants described above. Data are mean ± s.e. of four separate young supernatants tested.
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MucosalImmunology | VOLUME 7 NUMBER 6 | NOVEMBER 2014 increased susceptibility to respiratory diseases. Our results indicate that increased basal level of activation of aged DCs leads to spontaneous secretion of pro-inflammatory cytokines and metalloproteinases. These factors lead to the TNF-amediated activation of PBECs resulting in increased permeability and secretion of chemokines. Increased permeability accompanied by enhanced chemokines may lead to infiltration of pro-inflammatory cells in the inflamed airways. The chronic inflammation and the associated airway remodeling can thus increase the risk of respiratory diseases such as asthma and chronic obstructive pulmonary disease as well as enhance the risk of respiratory infections such as influenza and pneumonia, which are all prevalent in the elderly.
Our results demonstrate that unstimulated aged DC supernatants can enhance the expression of CD54 on PBECs (Figure 1a and b) . CD54 is not only a marker of PBEC activation but also serves as a receptor for Haemophilus influenzae, Streptococcus pneumoniae, and Rhinovirus. 29 These three common pulmonary infections are a major cause of health concern in the elderly. In addition to serving as a receptor for Rhinovirus, CD54 also allows adhesion of neutrophils and lymphocytes to the epithelium enhancing inflammation. 30 Furthermore, CD54 along with CCL26 (Eotaxin) has an important role in migration and binding of eosinophils. 31 Eotaxin selectively recruits eosinophils via CCR3 expressed on eosinophils and CD54 is important for eosinophil adhesion via LFA-1, a receptor also found on eosinophils. 31 Both neutrophil and eosinophil have been demonstrated to be increased in inflamed airways of older asthmatics and have a role in airway obstruction and inflammation. 32 We also observed increased expression of CCL20 and CXCL10 in PBECs cultured with supernatants from aged DCs (Figure 2a-c) . Both these chemokines are involved in inflammation of lung. CCL20 (MIP3-b) is reported to be upregulated in the airways of subjects with obstructive airway diseases. 33 It binds to CCR-6 on PBECs and induces the secretion of mucus. 33 It also acts as a major chemoattractant for DCs.
34
CXCL10 (IP-10) attracts T cells and IP-10 levels are substantially increased in chronic obstructive pulmonary disease patients. 35, 36 Furthermore, it is reported that eosinophil adhesion to CD54 was significantly enhanced by CXCL10 and therefore it functions as a biomarker for virus-induced asthma. 37 In contrast to chemokines, the expression of TLR2, CXCL8, and major histocompatibility complex-I on the surface of PBECs was not affected by aged DC supernatants. This suggests that the aged DC supernatants do not activate PBECs to the same level as pathogens where a variety of pro-inflammatory mediators are secreted and affect the expression of numerous molecules. For example, IFN-a or IFN-l secreted in by DCs in response to respiratory syncytial virus can upregulate major histocompatibility complex-I expression. 38 Similarly, TLR2 is found to be upregulated in response to Mycoplasma pneumoniae. 39 Because DC-epithelial cells crosstalk is mainly via secreted factors, the present study has focused primarily on the effect of soluble mediators secreted by DCs on PBEC functions. However, we do not exclude that a direct cell-to-cell contact between DC and epithelial cells may also influence the functions of both cells. This possibility is currently being investigated in our laboratory and the finding will be the subject of a future report.
We also found that treatment of PBECs with supernatants from aged DCs also resulted in reduced expression of E-cadherin and enhanced permeability of the epithelial cell barrier. Unstimulated aged DCs secreted increased levels of TNF-a (Figure 4a) , which is known to activate PBECs and enhance their permeability. This is in keeping with studies from Panda et al.
14 who also observed increased TNF-a secretion from aged DCs in the absence of any stimulation. TNF-a is reported to be increased in airways of severe, corticosteroid refractory patients with asthma and implicated in airway pathology. 27 Besides TNF-a, IL-6 levels were also significantly enhanced in aged DC supernatants. IL-6 enhances epithelial cell invasion along with other cytokines. 26 Furthermore, the expression of adhesion proteins is also regulated by metalloproteinases. Maretzky et al. 40 have reported that E-cadherin is cleaved specifically by ADAM10. Therefore, increased secretion of ADAM10 by aged DCs may also contribute to the decreased expression of E-cadherin in PBECs incubated with supernatants from aged DCs. ADAMs have been demonstrated to have a role in the shedding of proprotein ectodomains-like membrane-anchored cytokines and growth factors. 41 Recent studies suggest a role of ADAMs in pathophysiology of lung diseases such asthma, 42 interstitial lung disease, 43 eosinophilic pneumonia, 42 and lung cancer. 44 Furthermore, a-hemolysin, the pore-forming toxin of Staphylococcus aureus binds to ADAM10, and is necessary for the toxin to cause cytotoxicity at low concentrations. 45 Hospital-acquired methicillin-resistant Staphylococcus aureus-related hospitalizations are more common and a major cause of health concern in older individuals. 46 Culture of PBECs with TNF-a-containing young DCs supernatants confirmed that TNF-a present in the aged supernatants was sufficient and is likely responsible for the observed effects on PBECs (Figure 5a-e) . In contrast, IL-6, CXCL10, and ADAM10 had no effect on PBEC functions by themselves (Supplementary Figure 1) and supplement with TNF-a is required to lead to activation effect on PBECs (Figure 5a-c) . Recent reports also suggest that TNF-a can induce the expression of various chemokines in PBECs. [47] [48] [49] Exposure of PBECs to TNF-a also enhances the expression of CD54 50 and increases the permeability of PBECs by reducing the expression of E-cadherin. 51 ADAM10 is known to cleave E-cadherin. 40 However, recombinant ADAM10 does not display the metalloproteinase activity in vitro against E-cadherin. This could be the reason why ADAM10 had no effect on E-cadherin expression. Future studies are required to address whether PBECs from older donors show the same responses to higher levels of TNF-a from DCs as noted here in PBECs of younger donors.
In summary, our results demonstrate that aged DCs display an activated phenotype, which results in the secretion of proinflammatory cytokines and metalloproteases. As DCs are in close proximity to epithelial cells, continuous secretion of these mediators by aged DCs might have a profound effect on the functions of PBECs resulting in increased permeability as well as enhanced expression of CD54 and secretion of chemokines. Furthermore, TNF-a secreted by DCs from aged subjects appears to be the primary pro-inflammatory mediator responsible for the activation of PBECs. This may lead to severe and chronic inflammation and airway remodeling in lungs of the elderly, thus enhancing their susceptibility to pulmonary infections and diseases.
METHODS
Blood donors. Peripheral blood samples were obtained from healthy aged and young volunteers. The age of young donors were between 20 and 35 years and that of aged between 65 and 90 years. Elderly subjects belong to a middle-class socioeconomic status that live independently and lead an active life, although regular physical exercise was not a requirement for participation in the study. Blood was drawn by an Immunology Allergy Fellow from the division. Before the blood draw, the subjects are asked to fill a questionnaire and any subjects suffering from diseases such as diabetes, heart diseases, malignancy, neurological disorders, chronic inflammatory, or autoimmune disorders or those taking drugs that can affect the immune system are excluded from the study. Subjects having any history of recent hospitalization for any disorder including respiratory infections are also excluded. Younger volunteers were students and staff of the University. They also have been undergoing a detailed medical (clinical, hematological, and biochemical) examination each year. Mean age for young subjects was 27 years, whereas was 78 years for the aged subjects. Table 1 provides the description of the cohorts. This study was approved by the Institutional Review Board of the University of California (Irvine, CA).
Isolation and culture of human monocyte-derived DCs. Monocytederived DCs from aged and young subjects were prepared essentially as described. 15 Peripheral blood mononuclear cells were separated by Ficoll-Hypaque density gradient centrifugation. Monocytes were purified by positive selection with anti-CD14 microbeads (Stemcell Sep, Vancouver, BC, Canada). The purity of the isolated CD14 þ monocytes was 490%, as determined by flow cytometry. For the induction of DC differentiation, purified CD14 þ monocytes were cultured in a humidified atmosphere of 5% CO 2 at 37 1C in RPMI 1640 supplemented with 10% fetal bovine serum, 1 mM glutamine, 100 U ml À 1 penicillin, 100 mg ml À 1 streptomycin, 50 ng ml À 1 human rGM-CSF (PeproTech, Rocky Hill, NJ), and 10 ng ml À 1 human rIL-4 (PeproTech). Half of the medium was replaced every 2 days and DCs (CD14-HLA-DR þ CD11c þ cells) were collected after 6 days. The purity of the DC was 495%.
The collected immature aged and young DCs were then cultured in serum-free AIM V medium for 48 h and supernatants were collected and stored at À 20 1C until use.
ELISA. Supernatants collected from DCs were assayed for IL-6, TNFa, CXCL-8, CXCL-10, CCL-2, and IL-12p40, IL-1b, IL-12p70, IL-10, IL-23, IFN-a by Flow Cytomix assay (eBiosciences, San Diego, CA) as per the manufacturer's protocol. ADAM 10 (Uscn Life Science, Wuhan, China) and ADAM12 (R&D Systems, Minneapolis, MN) were measured using specific ELISAs.
PBECs. PBECs from normal, healthy young individuals were obtained from Cell Applications (San Diego, CA) and maintained in the medium provided by the manufacturer as per their instructions. PBECs were from two different donors (24 years, Caucasian male and 30 years, Caucasian Female) were used for the study.
Flow cytometry. PBECs were cultured in 24-well plates overnight with supernatants (PBEC and DC-conditioned medium were used at 1:1 proportion) from aged and young DCs. For experiments in Figure 5 , recombinant TNF-a (500 pg ml À 1 ) or a combination of TNF-a, IL-6 (5 ng ml À 1 ), CXCL-10 (5 ng ml À 1 ; PeproTech), ADAM10 (1 mg ml À 1 ; R&D Systems) was added to supernatants from young DCs and incubated overnight. Recombinant TNF-a was not active below 500 pg ml À 1 . Subsequently, the adherent PBECs were collected by scraping with a Teflon scraper. The expression of CD54, HLA-ABC and E-Cadherin on PBECs was determined with flow cytometry using specific antibodies (BD Bioscience, San Jose, CA).
Gene expression. PBECs were exposed to supernatants from aged and young DCs for 6 h. For experiments in Figure 5 , recombinant TNF-a (100 pg ml À 1 ) or a combination of TNF-a, IL-6 (5 ng ml À 1 ), CXCL-10 (5 ng ml À 1 ; PeproTech), ADAM10 (1 mg ml À 1 ; R&D Systems) was added to supernatants from young DCs for 6 h. RNA was extracted using TRIZOL. Real-time PCR was performed using validated specific primers for CD54, MUC-1, TLR2, chemokines (Real-time primers; LLC, Elkins Park, PA). The data were normalized to b-actin. Relative quantification method was used for calculations and data are expressed as fold increase over controls.
TEER. TEER is the potential difference across the epithelium, which is a measure of the tightness of the cell-cell contacts within the epithelium, can be measured using a pair of electrodes. 52 PBECs were plated on 0.4 mm, 6.5 cm 2 per well, 24-well plates (Corning, HTS Transwell, Tewksbury, MA) and allowed to grow. Cell confluence was monitored by TEER measurements with the Millicell-ERS system (Millipore, Billerica, MA). The TEER value is an indication of the integrity of the epithelial cell monolayers. 52 Once TEER value reached a steady state of around 1,200-1,300 O cm À 2 at days 5-6, supernatants from aged or young DCs were added in the bottom chamber underneath the insert membrane and TEER measurement were performed 24 h after addition. The mean of three measurements per insert was calculated. The electrical resistance of filters without cells (value around 100 O) was subtracted from all samples, and the resistance values were multiplied with the surface area of the inserts.
Permeability was also assayed with a Flourimeter (Molecular Devices, Downingtown, PA) by measuring the basolateral passage of a 4-kDa FITC-dextran (Sigma-Aldrich, St Louis, MO) following application of FITC-dextran to cells apically and incubating for 24 h at 37 1C. FITC-dextran was added 24 h after the addition of supernatants.
Statistical analysis. Statistical analysis was performed using Graph pad prism (GraphPad, San Diego, CA). Differences between unstimulated and stimulated conditions were tested using paired t-test. Differences between aged and young subjects' DC supernatants were tested using Mann-Whitney test. A P-value of o0.05 was considered statistically significant.
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